To determine if cytomegalovirus (CMV) infection is a risk factor for primary coronary artery disease (CAD), the association between CMV infection and CAD (ú50% blockage in any coronary artery) was investigated in nearly 900 successive nontransplant patients undergoing coronary angiography. By use of logistic regression, older age (P õ.001), white race (P õ .001), gender (P õ.001), hypercholesterolemia (P Å.04), and other established cardiovascular risk factors (P Å .003) were identified as significantly associated with CAD, but CMV seropositivity (P Å .462), the level of IgG antibodies to CMV whole cell antigen (P Å .98), or the levels of IgG antibodies to CMV glycoprotein B (P Å .67) were not. These data suggest that CMV infection is not a major risk factor for the development of primary CAD in adults.
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Cytomegalovirus (CMV) plays a role in the development of glycoprotein with the majority of neutralizing epitopes against CMV), and the presence or absence of coronary artery disease certain types of coronary atherosclerosis. Following cardiac transplantation, patients with CMV infections are at signifiin nearly 900 successive patients undergoing coronary angiography. cantly greater risk of developing accelerated posttransplantation coronary atherosclerosis than are patients uninfected with CMV [1] . Recently, an epidemiologic study suggests that a Materials and Methods prior CMV infection is a risk factor for restenosis of coronary arteries following coronary atherectomy [2] . Although the exact Subjects. The subjects were all adult patients undergoing coromechanism by which CMV promotes atherosclerotic coronary nary angiography at the Medical College of Virginia hospitals occlusion is unknown, hypotheses have been suggested [3] .
between November 1991 and June 1992. From each patient, blood Less clear, however, is the role, if any, that CMV plays was drawn by venipuncture and collected into a 10-mL nonhepain the development of primary atherosclerotic heart disease.
rinized vacuum tube and allowed to clot at room temperature.
Epidemiologic studies of CMV and primary atherosclerosis
The serum samples were centrifuged, and sera were removed, are difficult because CMV is ubiquitous among humans, with aliquoted, and stored frozen at 070ЊC until being assayed. Also collected was a copy of the medical data sheet for each patient, Ç50% becoming infected by early adult life; by late adult life which listed a variety of demographic and health data and catheter-(ú60 years of age), nearly 90% of persons have had a CMV ization data.
infection [4] . One case-control study of patients who underwent Serologic assays. Serum IgG antibodies to CMV were first coronary bypass surgery and appropriate controls identified measured quantitatively with an EIA using AD169 as previously CMV as a risk factor for the development of primary coronary described [6, 7] . Calibrator sera and positive and negative control atherosclerosis [5] . Other seroepidemiologic studies of corosera were included on each plate. All sera were diluted 1:20. Abnary atherosclerosis using different study designs have not been sorbance was measured on a dual wavelength Vma MicroELISA reported.
Auto Reader (Molecular Devices, Palo Alto, CA). Absorbance
To determine if CMV is a risk factor for primary atherosclevalues (test absorbance minus control absorbance) of the calibrator rotic disease in adults, we studied the association between the sera were plotted against a standard number of antibody units rate of CMV seropositivity, the titer of antibodies to CMV determined by end-point dilution. The number of antibody units for the test serum was calculated from the regression equation;
antigens AD169 and glycoprotein B (the major CMV envelope ú50 antibody units was considered positive. The correlation coefficient of the calibrator sera was ú.95 in all tests.
IgG antibodies to purified CMV glycoprotein B were assayed as previously described [8] . Briefly, to measure IgG antibodies to game, CA) in PBS-T with 3% BSA was added to each microwell. heart transplant. Subjects were considered to have coronary After 90 min at 37ЊC, the microwells were washed four times with artery disease (CAD) if there was a blockage in any coronary PBS-T and then 100 mL of p-nitrophenyl phosphate (Sigma, St. artery of ú50% of the luminal diameter or a previous occlusion number of diseased vessels per subject was 1.9. For the youngest age group, subjects õ40 years of age, CMV seropositivity was not associated with CAD. Of 32 subResults jects õ40 years of age with CAD, 72% (23) were CMVThe study population comprised consecutive subjects 19-94 seropositive; of 38 subjects without CAD, 76% (29) were seroyears old who underwent cardiac catheterization for suspected positive (P ú .1). coronary artery occlusion. Twenty-eight subjects were exAssociation of antibody levels with CAD. We next examined the levels of IgG antibodies to AD169 antigen extracted from cluded from the data analysis because they had had a previous whole cells and to CMV glycoprotein B in seropositive subjects Our data from a large cohort of nontransplant patients undergoing cardiac catheterization suggests that CMV is unlikely to 40-70 years old. The mean number of antibody units per subject to either antigen was not associated with the presence or absence be an important risk factor for primary atherosclerotic heart disease. Our seroepidemiologic study is the second to investiof CAD (table 1) . Univariate analysis for this subject group found age, body mass index, cholesterol, race, contributing factors, and gate the association between CMV infection and CAD, and our results differ from those of the previous study performed sex significantly associated with CAD; however, after consideration of all pairs of interactions in a regression model, only age over a decade ago by Adam et al. [5] . These authors compared the rate of CMV seropositivity and antibody titers in a group (P Å .001), cholesterol (P Å.013), race (P õ .007), and sex (P õ .002) were important predictors of CAD.
of patients with coronary atherosclerosis undergoing coronary artery bypass surgery to a matched control group of subjects For younger and older seropositive subjects, the mean number of antibody units to CMV AD169 antigen per subject was with hypercholesterolemia but no history of CAD over a multiple-year period. They found that subjects had a 90% antibody not associated with the presence or absence of CAD. For those ú70 years of age, the mean number of antibody units per prevalence rate, which was significantly higher than the 74% rate for controls, and they observed significantly higher titers subject for 123 subjects with CAD was 392 (SD { 138), not significantly different (P Å.24) from the mean of 354 (SD { to CMV antibody among subjects than controls, using CMV AD169 as the test antigen. 132) for 22 subjects without CAD. For those õ40 years of age, the mean number of antibody units per subject for 18
Our study differs from that of Adam et al. in three potentially important aspects. First, we studied nearly 900 subjects; Adam subjects with CAD was 311 (SD { 116), not significantly different (P Å.075) from the mean of 391 (SD { 158) for 25 et al. included 157 subjects and an equal number of controls. Second, we used two quantitative assays: One used extracts of subjects without CAD.
whole cells infected with AD169, and the other used purified CMV gB protein. This highly purified CMV gB antigen gives Discussion a low background in a quantitative EIA [6] . There is also a linear relationship between the amount of serum antibody to Although over the last decade many studies have unequivocally linked CMV to accelerated posttransplantation atherosclerotic CMV gB and the amount of neutralizing activity in serum [8, 13] . Hence we reasoned that if patients with CAD had active CAD among heart transplant recipients, the importance of CMV and atherosclerotic disease among immunocompetent persons has ongoing CMV replication, this might be reflected in the levels of serum antibodies to gB in these patients. Third, our control been less clear [9] . This is despite the fact that a variety of molecular techniques have revealed latent CMV in the arterial population comprised patients with normal coronary arteries, and we used logistic regression to adjust for the effects of the walls of both heart transplant recipients and non-heart transplant subjects with atherosclerotic heart disease [10, 11]. The imporwell-known risk factors for CAD. In a study of the association of serum antibodies to Chlamydia pneumoniae and CAD, selectance of CMV in atherosclerosis has been given renewed attention by the recent reports that among immunocompetent patients, tion of control subjects was important [14] . When patients without angiographically demonstrated CAD were used as conchronic inflammation may play a role in the development of CAD and that CMV infection may be a risk factor for restenosis trols, only a weak, nonsignificant association was found between CAD and C. pneumoniae infection. When, however, following coronary atherectomy [3, 12] . matched subjects without a history of CAD but who did not esis is correct, our data suggest that the endothelial damage needs to be acute rather then the chronic type associated with undergo angiography were used as controls, a significant association was observed between C. pneumoniae infection and hypertension, hypercholesterolemia, or cigarette smoking. CAD [14] .
Thus, one explanation for the difference between our results
